ABSTRACT
INTRODUCTION
Malaria remains one of the most devastating diseases, causing as many as 2.7 million deaths annually with an estimated 400 to 900 million new cases each year [1] . Malaria endemic areas include Africa, South East Asia, India and South America; however, the disease is spreading to new areas, such as Central Asia, and Eastern Europe. Local transmission of malaria in the United States, unheard of in the era between World War II and 1980, now accounts for an increasing number of cases [2] . Clinical cases in the US are now in average of 1,300 per year [3] . Worldwide, the majority of deaths occur in children; other high risk groups include pregnant women, refugees, migrant workers, and non immune travelers-over 20 million Western tourists at risk annually (fact sheets from Malaria Foundation International). Although four species of the genus Plasmodium cause human malaria, Plasmodium falciparum is the deadliest and will be the subject of this review.
During the past two decades an increasing number of quantitative structure-activity/property relationship (QSAR/QSPR) models have been studied using theoretical molecular descriptors for predicting biomedical, activity, toxicological, and technological properties of chemicals. QSAR/QSPR are mathematical models that seek to predict complicated physicochemical/biological properties of chemicals from their simpler experimental or calculated properties. The main problem with the use of experimental data as independent variables in QSAR is that they are not available for the majority of chemical structures, real or hypothetical.
The traditional remedies are no longer effective and the incidence of malarial by P. falciparum, the most dangerous species of parasite, continues to grow, while some traditional drugs such as chloroquine and its congeners are losing their activity due to the increasing multi drug resistance [4] . Therefore, it is essential to find new drugs of antimalarial having a pharmacological activity higher than that of currently Ruslin Hadanu, et al. QSAR studies of antimalarial activity represent an emerging and exceptionally important topic in the area of computed-aided drug design. Although the demand for 'in silico' discovery is clear in all areas of human therapeutics, the field of anti-infective drugs has a particular need for computational solutions enabling rapid identification of novel therapeutic leads.
In this research semi empirical methods were used to calculate a number of properties/descriptors. In current practice, semiempirical methods serve as efficient computational tools which can yield fast quantitative estimates for a number of properties. This may be particularly useful for correlating large sets of experimental and theoretical data, for establishing trends in classes of related molecules, and for scanning a computational problem before proceeding with higherlevel treatments. Compared with ab initio or density functional methods, semi empirical calculations are much faster, typically by several orders of magnitude [5] , but they are also less accurate, with errors that are less systematic and thus harder to correct.
Among the classes of drugs that are effective in the treatment of the P. falciparum malarial, there is the 1,10-phenanthroline and its derivatives. The 1,10-phenanthroline derivatives was synthesized from 8-aminoquinoline and 1,10-phenanthroline as a starting material. The five models of diaza-analogs of the phenanthrene skeleton were synthesized, described and evaluated for their antiplasmodial activity. From that evaluation, the 1,10-phenanthroline ring system appeared as a new class of potential antimalarial compounds [6] . Previous QSAR analysis have been reported using electronic descriptor producing by AM1 calculation [7, 8] 
EXPERIMENTAL SECTION

Geometry Optimization and Calculation of Molecular Descriptors
QSAR models are evaluated using sets of 1,10-phenanthroline derivatives compounds whose molecular structure and antiplasmodial activity are known (Table 1 ). Antiplasmodial activity of these compound were taken as the activity against chloroquine-resistant P. falciparum (FCR3) strain and is presented as the value of ln (1/IC 50 ) where IC 50 is an effective concentration inhibiting 50% growth of the parasite [8] [9] [10] . As the activities were measured under two different conditions, the activities for 1-13 [8] were rescaled with respect to activities for 14-16 [9, 10] by using ln (1/IC 50 ) obtained from two experiments. All the compounds (Table 1) were calculated using package HyperChem ® Program Version 7.0 and complete geometry optimization with the semi-empirical Parameterized Model 3 (PM3) method was performed. Quantum-chemical descriptors were calculated, as for example: atomic net charges, dipole moment, E HOMO , E LUMO , polarizability and log P.
From all the descriptors above mentioned, it can be considered that some of them give valuable information about the influence of electronic and coefficient partition features upon the biological activity of drug molecules. In this work, the molecular descriptors were selected so that they represent the features necessary to quantify the activity.
QSAR Evaluation
The steps of quantitative structure-activity relationship analyses were conducted at this research: to determinate a series 1,10-phenanthroline derivatives compound to be analyzed along with value of IC 50 yielded through laboratory experiment; to look for elementary ring structure of 1,10-phenanthroline derivatives compound, which is the most stable using optimization process; to calculate descriptor through optimized structure; statistical analysis process to get equation of QSAR; selected of the best equation model of QSAR; to design the new compound of 1,10-fenantrolin derivatives according to the best model of QSAR and consider of eligibility of synthesis; and making of 1,10-phenanthroline derivatives resulted from molecular design which has the highest predicted value of IC 50 to be synthesized in laboratory.
The net charge atoms for three dimension of molecule structure which have experienced of converged at process of optimization can be recorded through menu file; start log; compute; single point and then stop log. The net charge of atoms on its structural compound can be seem through display menu, labels and charge.
RESULT AND DISCUSSION
Descriptor is a parameter or property of molecule used as independent variables in calculation of predicted activity (theoretical IC 50 ). The descriptors used in this research are atomic net charges, dipole moment, log P, E HOMO-LUMO and polarizability. To obtain the structural properties of each test compound and modeling compound after process of geometry optimization, the calculation proses is continued with single point at sub menu. Descriptors or structural properties produced from calculation with single point were atomic net charges and dipole moment, whereas descriptors of log P and polarizability were obtained from "menu compute" of QSAR properties. E HOMO , E LUMO descriptors can be obtained from the menu compute, vibrations then click orbital sub menu. The E HOMO -LUMO descriptors would not be obtained if calculation was performed using molecular mechanic method. All of the descriptors was given in Table 2 .
To calculate of structural electronic and other descriptors of a series 1,10-phenanthroline derivatives was conducted with the semi empiric PM3 method. PM3 method which is better method than the others semi empiric method. Method of PM3 is repair method of before all like MNDO method [11] , which can predicts compounds having valence many with the best accuracies [12] . The PM3 method can be used for the analysis of a series 1,10-phenanthroline derivatives, because 1,10-phenanthroline derivatives is organic compound considering atoms as C, H, Cl, Br, O, and N.
Selection of the Best Model
According to result of calculation statistic of multilinear regression by using SPSS version 13.0 for windows were obtained 6 QSAR models as listed in The QSAR model obtained is ideal if its has r 2 value equal to 1 and its indicating that correlation independent variable between dependent variables is very perfect and significance [10] if its has r 2 value equal to 0 indicating structural electronic and properties of molecular (dependent variables) between antimalarial activity ln (1/IC 50 ) have no correlation or no significance. The statistical parameters commonly using r 2 value because its have more correctness level than r value. The r 2 value have larger interval than r value so that small difference which no perceived at r value but its can perceived clearly at r 2 value. The r and r 2 value as statistical parameter only showing linearity measures of relevant model, but cannot depict measure of predicts of equation model, so that require to be paid attention by other statistical parameters.
The other statistical parameters, beside r and r 2 which need to be paid attention in this research is SE and F value. The smallest values of SE to express the model obtained is progressively and more significance. At Table 5 Table 3 . The model 5 is the most reliable model because its has the smallest value. The result of evaluation antimalarial activity [predicted ln (1/IC 50 )] and correlation with antimalarial activity [experiment ln (1/IC 50 )] for the model 5 by using semi empiric PM3 method have linearity (r 2 = 0.9748) and slope value (0.974) can be seen at Table 7 and Fig. 1 .According to the value of variable dipole moment, polarizability, and log P were obtained by the variation of atoms included in multilinear analysis (Table 4) , atoms C 5 , C 7 , C 9 , C 11 and C 12 seems the most responsible for the pharmacological activity.
CONCLUSION
We have used a semi-empirical molecular calculation PM3 to study the correlation of antimalarial activity of a series of 1,10-phenanthroline derivatives drugs against chloroquine-resistant FCR3 strain. The best overall correlation is given by the computed molecular properties of atomic net charges of heterocyclic ring, dipole moment, LUMO-HOMO energies, polarizability and log P.
Significant regression model was obtained by multiple linear regression method for structural properties of 1,10-phenanthroline derivatives versus antimalarial activity against Plasmodium falciparum. We were reported the descriptors dipole moment (μ), polarizability (α), atomic net charges: qC 5 , qC 7 , qC 9 , qC 11 and qC 12 seems to be the most responsible for the pharmacological activity. The model 5 is significant on the 95% level with statistical parameters (eq 1).
